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A program  to  evaluate  lonltrldlng  for  the  case-hardening  of  weapon  system  compo- 
nents was  conducted  by  the  Research  Directorate,  GEN  Thomas  J.  Rodman  Laboratory, 
Rock  Island  Arsenal.  The  study  revealed  advantages  and  limitations  of  the  fonl- 
trldlng  process,  and  documented  the  production  sequences  required  for  the  case- 
hardening  of  AISI  4140  and  Nltrelloy  1 35M  steels.  Determination  of  processing 
criteria  Included  cleaning,  loading,  soloctlvo  case-hardening,  treatment  times 
and  temperatures,  and  geometric  considerations.  The  production  sequence  was 
i established  for  four  weapon  components  presently  manufactured  at  Rock  Island 
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20.  Arsenal.  Evaluation  of  processing  times  and  quality  of  the  case-hardened 
components  revealed  that  significant  advantages  are  gained  when  the  lonltridlng 
process  Is  used  for  production.  <u)  (BuSQi,  Robert  0.) 
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The  work  was  authorized  as  part  of  the  Manufacturing  Methods 
and  technology  Program  of  the  U.  S.  Army  Mate-.ei  Command  which  is 
administered  by  the  U.  S.  Army  Production  Equipment  Agency. 
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INTRODUCTION 


The  implementation  of  improved  manufacturing  technologies  for  fab- 
rication of  military  hardware  is  one  of  the  missions  of  the  Research 
Directorate,  GEN  Thomas  J.  Rodman  Laboratory,  Rock  Island  Arsenal.  As 
a part  of  this  mission,  a program  was  conducted  to  evaluate  glow-dis- 
charge lonitriding*  as  a case-hardening  treatment  for  weapons  compo- 
nents. The  program  involved  the  procurement  of  glow-discharge  lom- 
tr'd-ng  apparatus,  evaluation  and  establishment  of  process  procedures, 
training  of  production  personnel*  and  application  of  lonitriding  for 
production  of  weapons  components. 

IONiTRIDiNG 


Process  Description 

lonitr'dmg  is  accomplished  by  the  glow  discharge  of  nitrogen  and 
hydrogen  ions  upon  selected  component  surfaces.  Specifically,  finished 
machine  parts,  which  have  been  previously  heat  treated  and  thoroughly 
cleaned,  are  placed  on  an  electrically  insulated  pedestal  located  in  a 
vacuum  chamber.  The  chamber  Is  evacuated  to  less  than  5XI0”5  Torr 
pressure  and  <s  backfilled  with  a 3:1  ratio  of  nitrogen-hydrogen  gas 
mixture  to  0.5mm  of  mercury  absolute-pressure.  After  backfilling,  +he 
glow  discharge  is  initiated  by  application  of  a direct-current  electri- 
cal potential  between  the  chamber  and  the  pedestal  part.  The  gas  pres- 
sure and  the  electrical  potential  are  then  slowly  Increased  unti i an 
absolute  pressure  of  7mm  mercury  and  a temperature  of  approximately 
975° F are  obtained.  These  conditions  are  maintained  for  a selected 
pertod  of  time  by  automatic  temperature/power  and  gas  pressure  control- 
lers. The  process  duration  depends  on  the  effective  case  depth  requtred 
for  +he  part.  After  the  equipment  has  been  shut  off  automatica. ly  and 
+he  parts  coo>  to  a temperature  of  less  than  300°F,  they  are  removed 
from  the  chamber. 


Equipment 

The  equipment  used  tor  lonitriding  Is  shown  In  Figure  i.  This 
equipment  consists  of  a power/tempnrature  control  console,  lonitriding 
vacuum  chamber,  and  a vacuum/gas  control  console. 


*The  term  lonitriding  is  the  Registered  Trade  Mark  of  KIBckner  lonon  GMBH 
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The  power/+empera+ure  control  consoie  contains  transformer  and 
resistor  tap  switches  for  step  control  of  the  power  input;  a temperature/ 
power  control,  which  can  be  operator'  manually  or  automatically  for 
continuous  control  of  the  stepped  power;  power  input  meters;  and  process 
time  con+roi • 

The  lonitriding  chamber  consists  of  a water-cooled  vacuum  chamber 
30  inches  in  diameter  and  5 feet  high.  On  the  bottom  of  the  chamber, 
an  insu'a+ed  pedestal  is  loca+ed  for  placement  of  parts  to  be  lomtrided. 

The  vacuum/gas  corrlrOi  console  contains  vacuum  pumps  and  controls, 
gas-flow  regu'a+or,  and  an  automatic  pressure  regulator  which  controls 
the  absoiu+e  pressure  of  +he  lonitriding  chamber. 

The  eiectr.cai  power  system,  temperature  control  system,  vacuum/ 
gas  control  systems,  and  lonitriding  vacuum  chamber  iayout  are  illus- 
trated in  the  schemat.c  shown  in  Figure  2. 


PRODUCT .ON  SEQUENCE 


In  the  following  sect  ons,  the  process  procedure  established  for  the 
lonitriding  or  case  hardening  of  material  >s  described. 


Cleaning 

the  par+s  must  be  cleaned  of  surface  con+ami nants  which  can  hmde- 
or  completely  stop  -*he  diffusion  of  nlt-ogen.  These  contaminants  in- 
clude organic  materia. s,  eg.,  o> is  and  greases;  meta i io-organi c com- 
pounds, e.g.,  l thium  and  sodium  base  machining  lubricants;  and  inor- 
ganic materials,  eg.,  oxides,  copper,  lead,  etc.  Vapor  degreasing  will 
on -y  remove  the  organic  compounds.  The  remaining  contaminants  must 
be  removed  by  either  buffing,  giass  shot  blasting,  or  chemical  stripping. 
After  cleaning,  care  must  be  taken  so  the  parts  are  not  recontaminated. 


lonitriding  Stopoff  Techniques 

Mechanical  masking  is  the  preferred  method  for  the  lonitriding  of 
soiocted  areas  of  weapon  components.  The  mechanical  mask  is  norma* iy 
fabricated  from  a low-carbon  steel  and  usually  fits  the  part  with  a 
clearance  of  O.OiO  to  0.025  inch.  A smaller  clearance  would  cause  the 
part  to  seize  the  mask. 

Copper-  or  n.ckes-p'atmg  mothods  are  unacceptable  for  selective 
lonitriding.  Copper  sputters  off  the  pert  and  redeposlts  elsewhere 
on  the  part,  thus  preventing  nltnding  of  required  areas.  Nickel  pietlng 
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does  not  sput+er  off,  but  diffuses  into  the  surface  of  the  part  and 
cannot  be  removed.  Nickel  plating  over  copper  is  unacceptable  because 
defects  in  the  nickel  allow  the  copper  to  sputter  off  the  part  and 
redeposit  elsewhere. 


Loading 

The  parts  to  be  lonitrided  are  loaded  on  an  electrically  conductive 
fixture  simi  *ar  to  the  one  shown  in  Figure  3.  The  parts  must  be  spaced 
no  closer  than  0,30-inch  or  overheating  will  result  caused  by  overlapping 
glow  in  +he  spaces  between  parts.  The  loaded  fixture  is  then  placed  on 
the  insuia+ed  pedestal,  and  the  vacuum-chamber  top  put  in  place. 


Glow  Initiation  and  Heating 

After  +he  parts  have  been  loaded  and  the  lonitrlding  chamber  closed, 
the  system  .s  evacuated  to  5XI0-5  Torr  absolute-pressure.  The  chamber 
is  then  backf  ■ ’ed  with  a 3:1  ra+io  of  hydrogen-nitrogen  gas  mixture  to 
0.5mm  of  mercury  abso I u+e-pressure.  The  glow  discharge  is  initiated  by 
application  of  a direct  current  electrical  potential  between  the  cathodic 
pedos+ai  and  the  anodic  vacuum  chamber  walis. 

During  the  initial  hea+mg  and  cleaning  phase,  flashing  will  be 
observed  on  the  surface  of  the  parts  caused  by  metal  flakes  and  adsorbed 
gases  being  removed.  The  power  should  not  be  increased  until  this  Masn- 
..y  has  subsided  , or  the  surface  of  the  part  will  be  etched.  After 
r I ashing  has  subsided,  the  power  is  slowly  increased  so  the  part  does 
not  heat  faster  +han  i000°F  per  hour.  Vihen  the  temperature  has  reached 
500°F,  +he  gas  pressure  is  increased  to  4mm  mercury,  absolute.  At  this 
point,  the  gas  pressure  and  power  are  increased  simultaneously  until 
7mm  mercury  absol ute-pressure  and  the  selected  lonltriding  temperature 
are  obtained.  These  conditions  are  then  maintained  for  a selected  time 
by  automatic  controllers. 


Process  Time  and  Temperature 

Process  times  +o  obtain  effsctive  case  depths  were  established 
experimentally  for  NitraMoy  I35M  and  for  AISI  4140  steels.  These  steels 
are  commonly  used  for  the  manufacture  of  nltrlded  weapons  components. 

A temperaturo  of  l050oF,  upper  limit  for  lonitrlding,  was  selected  for 
the  Nltralloy  I 35M  to  keep  treatment  times  short.  Since  AISI  4140  con- 
tains no  a'uminum  ad  the  NitraMoy  I35M  does,  a lower  case  hardness 
results  due  to  an  absence  of  aluminum  nitride  precipitation.  Consequently, 
an  lonltriding  temperature  of  975°F  was  selected  to  provide  a higher 
surface  hardness  for  the  A * S I 4140  steel. 
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PRODUCTION  IONITRIDING 


The  procedure  described  in  the  previous  sections  was  utilized  for 
the  production  Ion itri ding  of  four  components.  These  components  are: 
Push  Rod,  Part  6589833  for  the  MAU-69NA;  Roller  Shaft,  Part  10892032  for 
the  Ml 58;  and  two  Spur  Gears,  Parts  I3207E3044  and  1 320 7£ 3050  for  a 
Marine  Drive  Assembly. 


Push  Rod 


The  push  rod,  shown  in  Figure  4,  was  finish  machined  from  AISI  4140 
steel  end  heat  treated  to  Rockwell  C 38.  This  pert  was  lonitrided  at 
975*F  for  8 hours.  The  results  were: 

Requirements  Results 


Core  Hardness,  Rc  35  minima  37 

Effective  Case  Depth,  0.004-  to  0.006-inch  0.005-inch 

White  Layer  Thickness,  0.0005-inch  maximum  0.0002-inch 

The  conventional  gas  nitriding  time  to  obtain  the  above  requirements 
is  a minimum  of  14  hours. 


Rol ier  Shaft 


The  roller  shaft,  shown  in  Figure  5,  was  finish  machined  from  Mi- 
tral loy  I35M  heat  treated  to  Rockwell  C 37.  The  part  was  lonitrided  at 
I050*F  for  10  hours  to  obtain  the  desired  effective  case  depth.  The 
results  were: 


Requirements 


Results 


Core  Hardness,  No  limits  specified 

Effective  Case  Depth,  0.005-  to  0.009- inch 

White  Layer  Thickness,  No  limits  specified 

Conventional  gas  nitridimi  wo.' Id  have 
obtain  an  equivalent  case  deptt  . 


«C  32 
0.009-inch 

0.0003- inch 

required  about  22  hours  to 


Spur  Gears 

The  spur  gears,  shown  in  Figure  6,  were  finish  machined  from  Mitral loy 
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flGURE  4.  Push  Rod,  Part  6569833  tor  MAU-69  A/ A (2)0 


FIGURE  5.  Roller  Shaft,  Part  10892032  for  the  MI5B  Weapon 
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!35M  and  hea+  treated  to  Rockwell  C 36.  The  gears  were  lonttrided  at 
!050°F  for  28  hours  +o  obtain  the  minimum  effective  case  depth  require- 
ments at  the  roo+s  of  the  gear  teeth.  Thogears  were  selectively  nt- 
trided  by  use  of  a mechanical  mask,  as  shown  in  Figures  6 and  7.  The 
resul+s  were: 


Requ i rements 
Core  Hardness,  R^  32-38 
Case  Surface  Hardness,  RI5N,  89.5  minimum 
E» tec+ive  Case  Depth,  0.012-  to  0.0 1 9- inch 

White  Layer  Th,ckness,  0.0005-inch  minimum 

DISCUSS .ON 


Results 
Rc  36 
Ri5N  92 

Root  0.014-inch 
Point  0.019-inch 

0.0006- inch 


Advantages 

»oni+r.d  ng  has  two  distinct  advantages  over  conventional  gas  ni- 
triding. First,  process  times  are  shorter  for  lonitriding  than  for  either 
conven+ionai  sing  e-stage  0r  double-stage  (Floe)  gas  nitriding.  This  is 
shown  in  Figures  8 and  9 in  wh-ch  the  effec+ive  case  depth  versus  nltri- 
ding  times,  established  for  Nitra.ioy  I35M  and  AISI  4140  steels,  is  com- 
pared. The  reduced  processing  times  for  lonitriding  not  only  lowered  the 
product.  or>  cos  * of  +he  ni+rided  parts  but  provided  improved  mechanical 
property  vaues  when  compared  to  conventional  gas  nitriding,  A compari- 
son of  mechan  ca:  property  values  is  shown  in  Table  I. 

The  second  advantage  is  that  lonitriding  produces  a thinner  white 
layer  +han  conventions;  gas  nitriding.  As  shown  in  Figure  10  and  II, 
lon.trid.ng  usual  y keeps  the  white  'eyer  below  the  thickness  of  0.0005- 
• nch , Above  ths  limit,  the  white  layer  is  usually  considered  detri- 
menta'  +o  +he  part  and  must  be  removed  by  mechanical  or  chemical  methods 
wh  ch  increase  processing  costs.  Conventional  gas  nitriding  usually 
exceeds  this  I m.+  of  0.0005- inch. 


L ' m. +a+ 1 ons 


Part  geometry  affects  the  lonitriding  of  weapon  components.  Small 
d ametor  ho.es  and  narrow  slots  (about  0. i-inch  or  less)  cannot  be 
lonttrided  because  the  glow  discharge  will  not  penetrate  Into  these  narrow 
conf.gura+  ons.  Larger  diameter  long  tubes  and  holes  cannot  be  lonltrided 
un'fo-miy  un'ess  a center  anode  Is  used  to  provide  an  even  electrical 
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EFFECTIVE  CASE  DEPTH  <I0‘3  INCHES) 
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IONITRIDE  ( l05O*F> 

SINGLE  STAGE  GAS  NITRIDE  »7*>*n 
FIDE  PROCESS  GAS  NITRIDE  0050“?) 


TREATMENT  TIME  (HOURS) 


FIGURE  9.  Oeoporloon  of  Effoctloo  Com  Oopth  Vorsus  Trootaant  Tlao  for 
lonitr  I ding.  Conditional  Nitriding,  and  «*o  Floe  Procoss  for 
Mitral  Icy  I35N  Stool. 
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TABLE  I.  MECHANICAt  PROPERTIES  OF  NITRAttOV  I 35M 
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WHITE  LAYER  THICKNESS 
(10“*  INCHES) 


FIGURE  10.  Comparison  of  Mhlta-layar  Thicknaas  on  Gm  Ni+rldnd  and 
I on  I tr  I dad  Mtrelloy  135  M Steal 
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WHITE  LAYER  THICWESS 
(10°  INCHES) 


potential  for  the  glow  discharge.  These  effects  mean  that  gun  barrels 
less  than  7.62mm  bore  size  cannot  be  lonltrided  and  larger  diameter  gun 
barrels  can  only  be  lonltrided  with  the  use  of  a center  anode. 

For  gears  with  small  diametral  pitch,  the  roots  of  the  teeth  will 
have  less  nitriding  than  the  points.  As  the  pitch  increases,  the  nitri- 
ding of  the  teeth  roots  will  approach  that  of  the  teeth  points. 


CONCLUSIONS 


1.  lonitr‘>ding  is  applicable  to  the  case  hardening  of  weapon 
components . 

2.  Cost  savings  result  from  reduced  treatment  times  and  by  the 
elimination  of  white  'ayer  removal  requi rements. 

3.  lonitriding  can  be  utilized  as  an  alternate  to  conventional 
nitriding  without  changes  in  mechanical  property  specifications. 

SUMMARY 

After  training  of  production  personnel,  the  lonitriding  procedures 
described  herein  have  been  implemented  by  the  Arsenal  Operations  Direc- 
torate of  Rock  Island  Arsenal. 
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